INTRODUCTION
Ingestion of fluoride ions at low concentrations in drinking water is thought to be effective in preventing cavities. However, ingestion at high concentrations causes dental fluorosis and osteosclerosis, so it is necessary to control fluoride ion concentration. The standard concentration of fluoride ion in drinking water is set by the WHO and by European Union directive at 1.5 mg/L max, by the US EPA at 4.0 mg/L max, and by Japan water quality standards at 0.8 mg/L max. Experiments have been conducted in Mexico 1) , Kenya 2, 3) , and Tanzania 4) with the aim of using bone char (BC) at a practical level to remove fluoride ions from drinking water. It has also been reported that factors such as BC crystal system 5) , ion exchange capacity 6) physicalchemical properties, and solution pH 7) are related to adsorption of fluoride ions.
On the other hand, the main component of BC is calcium phosphate, and BC is manufactured under various carbonization conditions, using waste food bones as a raw material. No reports thus far have evaluated BC's properties. Also, it is thought that when fluoride ions are adsorbed to BC, calcium fluoride is formed and phosphate ions elute. However, there are no reports on the elution behavior of phosphate ions during fluoride ion absorption using BC made of different raw materials.
Phosphate ions are contained in food products, but it has been reported that hypocalcemia occurs frequently in children who have ingested 1.5 L or more of soft drinks containing phosphate in one week 8) . In other words, ingestion of large amounts of phosphate ions inhibits calcium absorption in the body. Therefore, there is an urgent need to study the amount of phosphate ions eluted when BC is used to remove fluoride ions from drinking water. In this research, BC was prepared from different types of animal biomass, and the relationships between differences in raw material, fluoride ion removal capacity, and phosphate ion elution capacity were investigated. electron microscope we used the JSM-5200 (JEOL, Tokyo, Japan).
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Each BC's iodine-adsorption capacity was measured according to JIS (Japanese Industrial Standard) K1474. Each BC was added to an iodine solution (0.05 mol/L), and the suspension was shaken for 15 min. The suspended carbon in the iodine solution was separated by centrifugation. The solution was then titrated with sodium thiosulfate solution (0.1 mol/L). The adsorption capacity for iodine was calculated by I = (10 f' -K f ) 12.69 5/S, where I is the amount of iodine adsorbed (mg/g), K is the volume of sodium thiosulfate solution titrated (mL), f is the factor of sodium thiosulfate solution, f ' is the factor of adsorbed iodine, and S is the amount of BC used (g). The surface pH of each BC was measured as follows: approximately 0.2 g of each BC was separately put into 100 mL of deionized water (pH 7.0) for 5 min. The pH of the solution was measured with a digital pH meter (Horiba, Kyoto, Japan).
The basicity and acidity of each BC were measured using the acid-base titration method [9] [10] [11] . Each BC was added to a 100 mL portion of hydrochloric acid (0.1 mol/L), and the suspension was shaken for 15 h. Basicity was determined by titrating aqueous sodium hydroxide (0.1 mol/L) into the filtrate. Each BC was added to a 10 mL portion of sodium hydroxide (0.1 mol/L), and the suspension was shaken for 15 h. Acidity was determined by titrating hydrochloric acid (0.1 mol/L) into the filtrate.
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Adsorption isotherms were obtained by adding 0.05 g of each BC to a 50-mL vial. Each vial received an aliquot of 25 mL of various concentration of sodium fluoride solution, and was sealed and shaken in a bath maintained at 298 K for 24 h. Preliminary experiments showed that adsorption was essentially complete within 24 h. After equilibration, a sample was taken from each vial and filtered through a glass-fiber filter paper to remove any suspended BC. The concentration of fluoride ion in the filtrate solution was measured using the Hach DR4000U direct reading spectrophotometers (Hach, Loveland, CO, USA). The equilibrium amount of fluoride ion adsorbed was calculated by X = (Co -C)V/W, where X is the amount of fluoride ion adsorbed (mg/g), C 0 is the initial concentration (mg/L), C is the equilibrium concentration (mg/L), V is the volume of solution (L), and W is the weight of the BC (g).
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The amount of fluoride ion adsorbed by 50, 100, and 200 mg of each BC was also measured. Each 50-mL vial received an aliquot of 25 mL of sodium fluoride solution (1 mmol/L), and was sealed and shaken in a bath maintained at 298 K for 24 h. After equilibration, a sample was taken from each tube and filtered through a glass-fiber filter paper to remove any suspended BC. The concentration of phosphate ion in the filtrate solution was measured using the Hach Phosphate Test Kit (Hach, Loveland, CO, USA).
RESULTS AND DISCUSSION
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and shows the photographs of produced from different animal biomass BCs at 1073K and 1273K, respectively. There are many pores onto the surface of the produced BCs. The structure of produced BCs at 1273K was similar to that at 1073K. The BCs produced from pig, chicken, and fish had more pores than that from cow.
shows the yield, surface pH, basicity, acidity, and iodine adsorption capacity of each BC. The yield of BCs was greatest in the order of BB, FB, PB, and CB. The surface pH of the BCs ranged from 9.6 to 10. 
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produced at higher carbonization temperatures were larger. Basicity, which is correlated with the quantities of carboxyl, phenolic, and lactonic groups of the BCs; and acidity, which is correlated with the amino groups of the BCs, ranged from 0.8 to 1.4 meq/g and 2.7 to 3.3 meq/g, respectively. The basicity and acidity did not depend on the carbonization temperature or on the species. The iodine adsorption capacity is in proportion to the specific surface area of the carbonaceous materials 12) . The iodine adsorption capacity of PB was highest and that of CB was the lowest. This result corresponded to the photographs of produced BCs. That of all BCs except CB increased with the increasing carbonization temperature. As the carbonaceous temperature increased, the yield of CB did not change but the iodine adsorption capacity decreased. It was reported that the iodine adsorption capacity of the carbonaceous materials produced from coffee grounds, chaff, and residue of Japanese spirits distilled from sweet potato did not depend on carbonization temperature 13) . The carbonaceous materials produced from biomass have a differential structure. In this study, the micropore in CB might be changed by the macropore by carbonization at 1273 K.
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There have been no reports on the adsorption isotherms of fluoride ion on homemade BC produced from animal biomass. In this paper, BCs were produced from raw bones from four sources: cow, pig, chicken, and fish. The adsorption isotherm of fluoride ion on each BC is shown in . The amounts of fluoride ion adsorbed on CB and PB were larger than those on BB and FB. The amounts of fluoride ion adsorbed on BCs produced at 1073 K (BC1073) were larger than those produced at 1273 K (BC1273). Phantumvanit and LeGeros 5) reported the amounts of fluoride ion adsorbed on BCs produced at 673, 873, and 1073 K. Other authors reported that heating at low temperature will maximize BC's efficacy in removing fluoride ion from naturally fluoridated water 6) . The functional group in BC, which is exchanged to fluoride ion, might disappear at a higher carbonization temperature. It is reported that the fluoride ion was exchanged for the hydroxyl group on the BC surface 7) . However, in this study the amount of fluoride ion adsorbed on BC was not correlated to basicity. It is considered that fluoride ion adsorbs on BC by the exchange between fluoride ion and phosphate ion in BC. Calcium phosphate contained in BC may change to calcium fluoride after fluoride ion adsorption.
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shows the adsorption isotherms of fluoride ion on CB1073 at different temperatures. The amount of fluoride ion adsorbed on CB1073 increased with the increasing production temperature. Generally speaking, in the case of physical or chemical adsorptions the amount adsorbed increases or decrease with the decreasing adsorption temperature, respectively. The amount of fluoride ion adsorbed on CB1073 at 318K was larger than that at 278K. This result indicates that the adsorption mechanism of fluoride ion on BCs was correlated to both the physical and chemical adsorptions and demonstrates that fluoride ion exchanges phosphate ion in BCs. There have been no reports on the adsorption isotherms of fluoride ion on homemade BC produced from animal biomass. In this paper, BCs were produced from raw bones from four sources: cow, pig, chicken, and fish. The adsorption isotherm of fluoride ion on each BC is shown in . 
Removal of Fluoride Ion by Bone Char
Freundlich equation 14) and the Langmuir equation 15) has been reported. Alternatively, data of adsorption of various compounds on activated carbon in liquid phase are generally compatible to the Freundlich equation, log X = log k + (1/n) log C, where X is the amount of fluoride ion adsorbed (mg/g), C is the equilibrium concentration (mg/L), k and 1/n are adsorption constants. The reciprocal of the slope (1/n) of the Freundlich plot measured the interaction between the surface of the BCs and fluoride ion, while the intercept (k) of that was both the interaction and the adsorption capacity 16) . The adsorption constants were estimated by linear regression analysis and are shown in . When the constant 1/n is in the range 0.1 to 0.5, it is considered that adsorbate is easily adsorbed. On the other hand, if 1/n > 2, it is considered that adsorption is difficult 17) . As the result, the Freundlich plot showed a linear line with correlation coefficient of 0.893-0.998, suggesting the compatibility to the Freundlich equation. Therefore, adsorption mechanism by which fluoride ion is adsorbed on BCs is suggested to be a monolayer adsorption to heterogeneous surface. The fluoride ion is easily adsorbed on the BCs produced at 1073K because the constant 1/n of the BCs produced at 1073K is smaller than that at 1273K. Moreover, the constant log k of the BCs produced at 1073K was larger than that at 1273K.
Moreover, data of adsorption of various compounds onto activated carbon in liquid phase also are generally compatible to the Langmuir equation, W = aWsC / (1+aC), where W is the amount of fluoride ion adsorbed (mg/g), C is the equilibrium concentration (mg/L), and constant a and Ws are the adsorption equilibrium constant and the saturated amount adsorbed, respectively. The results of the adsorption isotherms of fluoride ion on BCs were applied to the Langmuir equation, and the constants a and Ws were calculated, as shown in . As the result, the Langmuir plot showed a linear line with correlation coefficient of 0.926-0.992. The constant a of the BCs produced at 1073K was larger than that at 1273K. The saturated amount of fluoride ion adsorbed on CB1073 would be the largest. The correlation coefficient of the Freundlich equation for fluoride ion onto BCs is the Langmuir equation for them. Their equations being based on the monolayer adsorption theory, the adsorption behavior of fluoride ion on BCs might be monolayer.
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The amounts of phosphate ion eluted from the BCs with the adsorption of fluoride ion are shown in . The concentration of fluoride ion decreased as the amount of BC added increased. The phosphate ion was eluted from the BCs with fluoride ion adsorption. Generally speaking, calcium phosphate has been contained to bone. This result indicated that the phosphate in BC was exchanged to the fluoride ion. However, the amount of phosphate ion eluted from the BCs was not correlated with the amount of fluoride ion adsorbed. The amount of phosphate ion eluted on BC produced from pig or chicken was less than that on BC produced from cow or fish. The amounts of phosphate ion eluted from BCs with fluoride ion adsorption differed depending on the source species. When BCs are used as adsorbates to remove fluoride ion from drinking water, the concentration of phosphate ion should be measured in order to protect human health. The phosphate ion in BC may affect the adsorption of fluoride ion on BC.
CONCLUSION
Fluoride ion exchanges not only hydroxyl ion but also phosphate ion in BCs. The amount of phosphate ion eluted from BC, which contained the calcium phosphate, with fluoride ion adsorption depended on the source species of animal biomass. The adsorption mechanism of fluoride ion on BCs might be monolayer adsorption because the adsorp-
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